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Intraductal carcinoma of the prostate (IDC-P) is defined as a proliferation of prostate adenocarci- 
noma cells distending and spanning the lumen of pre-existing benign prostatic ducts and acini, 
with at least focal preservation of basal cells. Studies demonstrate that IDC-P is strongly associ- 
ated with high-grade (Gleason grades 4/5), large-volume invasive prostate cancers. In addition, 
recent genetic studies indicate that IDC-P represents intraductal spread of invasive carcinoma, 
rather than a precursor lesion. Some of the architectural patterns in IDC-P exhibit architectural 
overlap with one of the main differential diagnoses, high-grade prostatic intraepithelial neoplasia 
(HGPIN). In these instances, additional diagnostic criteria for IDC-P, including marked nuclear 
pleomorphism, non-focal comedonecrosis (>1 duct showing comedonecrosis), markedly dis- 
tended normal ducts/acini, positive nuclear staining for ERG, and cytoplasmic loss of PTEN by 
immunohistochemistry, can help make the distinction. This distinction between IDC-P and HG- 
PIN is of critical importance because IDC-P has an almost constant association with invasive 
carcinoma and has negative clinical implications, including shorter relapse-free survival, early 
biochemical relapse, and metastatic failure rate after radiotherapy. Therefore, IDC-P should be re- 
ported in prostate biopsies and radical prostatectomies, regardless of the presence of an invasive 
component. This article will review the history, diagnostic criteria, molecular genetics, and clinical 
significance of IDC-P 
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In the past, intraductal carcinoma of the prostate (IDC-P) has 
been viewed as a controversial entity. However, a multitude of 
studies over the years have clarified its definition and clinical 
significance. IDC-P has been defined as a proliferation of malig- 
nant prostatic secretory cells expanding benign ducts and acini, 
while maintaining normal architecture with at least focal preser- 
vation of the basal cell layer. ^'^ IDC-P is strongly associated with 
more aggressive, high-grade prostate cancers (Gleason grades 
4/5) with high tumor volumes. ^"^ It is critical to distinguish 
these lesions from high-grade prostatic intraepithelial neoplasia 
(HGPIN) because IDC-P is nearly always associated with an in- 
vasive carcinoma component. This is especially true on needle 
core biopsies where only IDC-P is found without invasive carci- 
noma, leading some authors to advocate for definitive treatment 
or immediate rebiopsy.^ Current evidence suggests that IDC-P 
represents an invasion of native prostatic ducts and acini by ad- 



jacent aggressive, high-grade prostate carcinomas rather than a 
precursor lesion. ^"^ This article will review the history, diagnostic 
criteria, molecular genetics, and clinical significance of IDC-P. 

HISTORY 

The term "IDC-P" was first used in 1973 and later defined as 
a heterogeneous group of tumors, including urothelial carcino- 
ma, squamous cell carcinoma, and prostatic ductal and acinar 
carcinomas, extending into normal prostatic ducts and acini.^'^ 
Kovi etal}^ were the first group to intensively study intraductal 
spread of prostatic carcinoma specifically by examining 139 cas- 
es of prostate cancer. They were able to find intraductal spread 
of prostate cancer in 48% of the cases. They concluded that 
prostate carcinoma cells can invade adjacent benign ducts, like 
other types of cancers with mucosal spread of cancer cells (i.e.. 
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breast, urothelial carcinomas, etc.), and supplant the normal ep- 
ithelial components while preserving the general framework of 
the affected ducts. McNeal et al}^ built upon this idea when 
they found that cribriform prostatic carcinomas were commonly 
associated with an intraductal component. In addition, it was 
noted that the cribriform pattern was seldom found isolated 
from invasive carcinoma, at least suggesting that it was unlikely 
to be a precursor lesion. 

In a subsequent landmark study, McNeal and Yemoto^ offered 
evidence that IDC-P was a distinct biological entity with defin- 
able morphologic criteria. The morphologic criteria proposed 
included "complete spanning of the ductal and acinar lumen by 
several trabeculae of malignant epithelial cells with foci of tra- 
becular fijsion."^ This study of 476 radical prostatectomies found 
that up to 39% of high volume (4-10 mL) invasive prostatic car- 
cinomas had an intraductal carcinoma component. They found 
that these intraductal lesions were frequently adjacent to Glea- 
son grade 4 invasive carcinoma. Furthermore, these high-grade, 
large-volume cancers were strongly associated with extracapsular 
invasion, significant perineural invasion, positive lymph node 
status, and increased probability of recurrence. The authors con- 
cluded that IDC-P is not a precursor lesion, but rather an inva- 
sive carcinoma spreading into the normal/benign prostatic ducts 
and acini. This finding was based on two observations: intra- 
ductal cribriform lesions were 1) rarely found distant from foci 
of invasive carcinoma, and 2) were infrequent in low volume 
cancers ( < 2 mL). 

Soon after McNeal and Yemoto's study,^ Wilcox et al}^ em- 
barked on a study of IDC-P using criteria established by the 
prior authors to differentiate IDC-P from HGPIN. They exam- 
ined 252 whole-mount radical prostatectomy specimens and 
found that when IDC-P was present, invasive cancers were of 
higher grade, were more likely to invade seminal vesicles, and 
had disease progression more often than when IDC-P was ab- 
sent. Additionally, IDC-P was found in 54% of the cases 
where there was a tumor volume greater than 4 mL. 

DIAGNOSTIC CRITERIA 

Today, our understanding of IDC-P as a distinct lesion has 
evolved into the current morphologic definition of prostate ade- 
nocarcinoma cells that span the entire lumen and expand nor- 
mal prostatic ducts and acini, with at least focal preservation of 
the basal cell layer. Recent studies have refined the diagnostic 
criteria for IDC-P''^'^^-^' 

Cohen et al? established a set of histological patterns for 
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IDC-P: trabecular (pattern A), cribriform (pattern B), and solid 
(pattern C). They also made a clear distinction between a cen- 
tral and perimeter compartment. The perimeter compartment 
consists of peripherally located glandular cells that have malig- 
nant features that are identical to severely dysplastic glandular 
lining cells. These outer perimeter cells are typically tall and 
pleomorphic, with identifiable mitoses. The central compart- 
ment consists of luminal cells which exhibit varying morpholo- 
gies that define the three histologic patterns of IDC-P.^ Howev- 
er, this finding of two specific cellular compartments is not spe- 
cific for IDC-P and can occasionally be seen in invasive prostate 
adenocarcinoma. 

The first histologic pattern, trabecular (type A) (Fig. lA, B), 
exhibits thin cords of cells, approximately 2 cell-layers thick, 
that span the lumen in the absence of stromal support. These 
trabeculae intersect one another in a random, but orderly, fash- 
ion. In some cases, the trabeculae fail to span the entire lumen 
and form a focal papillary pattern, which can be difficult to dis- 
tinguish from HGPIN. In the central compartment, empty lu- 
minal space is the dominant component. The cribriform pat- 
tern (type B) (Fig. IC) shows acini formation with punched-out 
round spaces comprising greater than half of the luminal space. 
Small foci of comedonecrosis can be found occasionally in this 
subtype. The third pattern, solid (type C) (Fig. 2A, B), shows a 
solid proliferation of cells with frequent foci of central comedo- 
necrosis. In this pattern, the central cells attain a level of pleo- 
morphism on par with the perimeter cells to the point where 
the line between the two compartments is indistinguishable. 

It should be noted that these different patterns of IDC-P cor- 
related with the frequency of high-grade (Gleason 4/5) invasive 
carcinomas in a stepwise fashion, with type C associated with 
the highest volume and highest grade tumors. In this regard, 
types A and B could be regarded as low-grade and medium- 
grade patterns, respectively. These subtypes also showed clinical 
significance in that the advancing pattern of IDC-P correlated 
with worsening patient prognosis. However, it must be em- 
phasized that the presence of IDC-P is still a poor prognostic 
factor, regardless of grading. Interestingly, the different patterns 
also showed differing immunohistochemical staining patterns 
for MUC-2 and Ki-67.^ MUC-2 staining was seen in most of 
the type A and B (micropapillary and cribriform) patterns but 
not in type C (solid). Positive Ki-67 nuclear staining was con- 
fined to the perimeter compartment in types A and B but was 
found in both the central and perimeter compartments in type 
C. The central and peripheral compartments also showed differ- 
ential staining patterns. Positive prostate-specific antigen (PSA) 
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Fig. 1 . Morphologic subtypes of intraductal carcinoma of the pros- 
tate. Low power view of a prostate needle core biopsy showing 
expansion of the normal architecture by cytologically malignant 
cells that span the entire lumen (A). The micropapillary/trabecular 
subtype (B) and cribriform subtypes (C) are demonstrated here. 

staining was limited to the central compartment and did not 
stain the peripheral compartment while androgen receptor 
staining was seen in the peripheral compartment and not the 
central compartment. 

Guo and Epstein^^ subsequently described four subtypes of 
IDC-P, including solid, dense cribriform, loose cribriform, and 




Fig. 2. Additional morphologic subtypes of intraductal carcinoma 
of the prostate. (A, B) Sections show a both cribriform and focal 
solid architecture. 



micropapillary. They proposed diagnostic criteria of IDC-P in 
prostate biopsy as a proliferation of malignant prostatic glandu- 
lar cells filling ducts and acini, with some basal cell preservation 
(Fig. 3). The first tier criterion is a solid or dense cribriform 
pattern. If the first tier criterion is not present, a diagnosis of 
IDC-P can be made if loose cribriform or micropapillary pat- 
tern is identified with one of the following: 1) prominent nu- 
clear pleomorphism (nuclear size greater than 6 x normal) or 2) 
non-focal comedonecrosis (> 1 duct showing comedonecrosis).^^ 
The authors noted that the micropapillary pattern was equiva- 
lent to the aforementioned trabecular pattern described by Co- 
hen et al}^ Again, it must be stressed that IDC-P should be dif- 
ferentiated from HGPIN because of the poor clinical outcomes 
in patients with IDC-P. Furthermore, some authors even 
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question the requirement of re-biopsying patients within one 
year after rendering the diagnosis of HGPIN due to the low 
risk for finding carcinoma in subsequent biopsies.^°'^^ This dis- 




Fig. 3. Intraductal carcinoma of the prostate showing expansion of 
the normal prostatic duct and acinar structures and complete 
spanning of the lumen with cytologically malignant cells with pres- 
ervation of basal cells (p63 immunostain). 



tinction can be difficult in some instances as loose cribriform 
and micropapillary patterns (as described by Guo and Epstein^^) 
of IDC-P can morphologically resemble HGPIN. These situa- 
tions require particular scrutiny and underscore the importance 
of assessing for either marked nuclear pleomorphism ( > 6 x 
normal) or non-focal comedonecrosis (involving > 1 duct) in 
these patterns to assist in making the diagnosis of IDC-P over 



Table 1 . Distinguishing features between high-grade prostatic in- 
traepithelial neoplasia (HGPIN) and intraductal carcinoma of the 
prostate (IDC-P) 



HGPIN 


IDC-P 


Basal cells present 


Basal cells present 


Uniform nuclear atypia 


Marked nuclear pleomorphism 


No necrosis 


Non-focal comedonecrosis 


One tumor cell population 


2 tumor cell populations 
(peripheral and central) 


Non-distended ducts and/or acini 


Markedly distended ducts and/or acini 


No ERG mutations 


ERG mutations present 


Cytoplasmic retainment of PTEN 


Cytoplasmic loss of PTEN 



Adapted from Shah and Zhou/ 



Metastatic 
colorectal or 
urothelial carcinoma 



No 



Prostatic glands with lumen-spanning, 
cytologically malignant cells 

- Prostatic lesion? 

I Yes 

Basal cells present? - 
I Yes 
Atypical cribriform lesion 



No 



Cribriform 
carcinoma 



Single or several glands (<6) 

Round contour and simple architecture 

Uniform nuclear features 



Atypical cribriform lesion, can't distinguish 
between IDC-P and cribriform HGPIN 



ERG gene rearrangement 

/ \ 

Absent 

i 

Atypical cribrifomr leison, 

can't rule out IDC-P 
Repeat biopsy strongly suggested 



Present 

\ 

IDC-P 



Multiple glands (>6) 

Complex architecture (branching, 

dense cribriform, solid) 
Nuclear pleomorphism or nuclei 

6x of adjacent benign nuclei 

\ 

IDC-P 

i 

IDC-P almost always associated 

with invasive PCa 
Recommend definitive therapy 



Fig. 4. Proposed diagnostic algorithm for atypical cribriform lesions of the prostate. IDC-P, intraductal carcinoma of the prostate; HGPIN, 
high-grade prostatic intraepithelial neoplasia; PCa, prostatic carcinoma. Reproduced from Shah and Zhou,^^ Adv Anat Pathol 2012; 19: 270- 
8, with permission from Welters Kluwer/Lippincott Williams & Wilkins. 
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HGPIN (Table 

Cohen et al}^ listed major and minor criteria to distinguish 
IDC-P from HGPIN. Of the five major criteria, the first four are 
invariably present. These include 1) dilated glands greater than 
2 times the diameter of normal peripheral zone glands; 2) pres- 
ervation of the basal cell layer; 3) proliferation of intraluminal 
malignant cells 4) that completely span the lumen; and 5) possi- 
ble foci of comedonecrosis/^ Importantly, while the fifth criteri- 
on of comedonecrosis is not always seen, its presence is specific 
for the diagnosis of IDC-P over HGPIN. Minor criteria include 
1) intraductal glands branching at right angles with smooth and 
rounded contours and 2) a two-cell population divided into a 
peripheral layer and central layer. 

The low grade spectrum of IDC-P overlaps with HGPIN. 
Even though IDC-P with low grade morphology does not meet 
the diagnostic criteria for IDC-P in prostate biopsies, it should 
not be simply dismissed as HGPIN. In lesions that cannot be 
confidently classified, the term "atypical intraductal prolifera- 
tions" has been used. A diagnostic algorithm was proposed by 
Shah and Zhou^^ and illustrated in Fig. 4. A recent study found 
that borderline lesions between HGPIN and IDC-P were asso- 
ciated with a substantial increased risk (55%) of prostatic carci- 
noma (PCa) on subsequent biopsy and these lesions therefore 
require immediate repeat biopsy. 

MOLECULAR GENETICS 

There is mounting molecular evidence that IDC-P and HG- 
PIN are distinct lesions. ^"^'^^ Dawkins et al?^ studied twenty 
radical prostatectomy specimens with IDC-P for loss of hetero- 
zygosity (LOH) at known loci on chromosomes strongly associ- 
ated with prostate cancer and compared the results of HGPIN 
with invasive Gleason grade 3 and grade 4 carcinomas. Loss of 
heterozygosity was detected in 60% of IDC-P, 29% of Gleason 
grade 4 cancers, 9% of HGPIN, and no Gleason grade 3 can- 
cers. Based on these findings, the authors concluded that IDC-P 
is a distinct pathologic process from HGPIN.^^ 

Bettendorf et al^ analyzed HGPIN, IDC-P, and mvasive 
prostate cancer for LOH of TP^3 and KBl (tumor suppressor 
genes) and used comparative genomic hybridization on HGPIN 
and IDC-P to fiarther characterize the two types of lesions. LOH 
of both rP^3 and KBl were found frequently in IDC-P (52%) 
and tumor tissue in extraprostatic extension (44%), and rarely 
in HGPIN (19%) and benign prostatic tissue (17%). Compara- 
tive genomic hybridization showed that all of the HGPIN le- 
sions lacked chromosomal imbalances in contrast to IDC-P 
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where 8/11 cases demonstrated chromosomal imbalances. 

Han et aV analyzed E-twenty six {ETS) gene aberrations, the 
most common of which in prostate cancer is the TMPRSS2- 
ERG fiasion,^^ using a break-apart fluorescence in-situ hybridiza- 
tion assay to help establish distinguishing features between HG- 
PIN and IDC-P. ERG gene rearrangement was found in 75% of 
the cases of IDC-P and in none (0/16) of the cases of HGPIN, 
and the ERG gene status was concordant between IDC-P and 
adjacent invasive PCa.^ Recently, it has been shown that immu- 
nohistochemical stains using antibodies against ERG correlate 
strongly with the status of the ERG gene fusion, potentially 
making it an attractive marker for IDC-P versus HGPIN (Fig. 
^^ 26,27 Q|-]^gf researchers have investigated deletions involving 
the PTEN locus in IDC-P versus HGPIN. Loss of PTEN, a tu- 
mor suppressor, occurs in up to 70% of invasive prostatic carci- 
nomas and is uncommon in HGPIN.^^'^^ Using immunohisto- 
chemistry, cytoplasmic loss of PTEN was identified in 84% of 
IDC-P and was not identified in any cases of HGPIN (0/39)-^ 

Although histologic and molecular evidence strongly sug- 
gests that IDC-P represents a late-stage intraductal spread of 
existing, high-grade invasive carcinoma, there are a few cases 
that involve IDC-P without an associated invasive element.^'^° 
These rare cases suggest that IDC-P, in some instances, may act 
as a precursor lesion in the HGPIN pathway of cancer or possi- 
bly as a separate de novo pathway. Since there have been cases of 
IDC-P alone, with no association whatsoever in radical prosta- 
tectomy specimens, studies investigating the morphologic and 
molecular differences between HGPIN and IDC-P, with and 
without invasive carcinoma, are underway to determine wheth- 




Fig. 5. ERG immunohistochemical staining in intraductal carcino- 
ma of the prostate sliows strong nuclear positivity. Adjacent can- 
cer acini are also positive. Note the vascular endothelial cells are 
strongly positive (head arrow), and stromal lymphocytes are weakly 
positive (arrow), for ERG immunostain. 
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er a subset of IDC-P could be a precursor condition. 

CLINICAL SIGNIFICANCE 

It is clear that the presence of IDC-P is associated with high- 
grade, large-volume cancers with aggressive features, including 
positive surgical margins and extracapsular extension. Several 
studies have shown that IDC-P found at radical prostatectomy 
in patients treated with neoadjuvant chemotherapy predicts a 
shorter biochemical recurrence-free survival. ^^"^^ Furthermore, 
some preoperative models incorporating IDC-P have been 
shown to improve predictions regarding pathologic stage in 
radical prostatectomy specimens, and have accurately predicted 
treatment failure. Another study looked at the prognostic sig- 
nificance of IDC-P in biopsies and radical prostatectomies in 
patients prior to radiotherapy alone or with androgen depriva- 
tion. IDC-P was found to be a strong prognostic factor for early 
biochemical relapse (<36 months) in addition to metastatic 
failure rate after radiotherapy and clinical progression-free sur- 
vival.^^ It must be noted that IDC-P is an uncommon finding. 
In one prospective study of 1,176 biopsies, the incidence of 
IDC-P was 2.8%.^^ However, IDC-P clinical significance is 
well-established, and we recommend including its presence in 
biopsy and radical prostatectomy reports, regardless of the exis- 
tence of an invasive component. 

DIFFERENTIAL DIAGNOSIS 

The main differential diagnoses for IDC-P include intraduct- 
al spread of urothelial carcinoma, prostatic duct carcinoma and. 




most importantly, HGPIN (Fig. 6). Urothelial carcinoma typi- 
cally shows more nuclear pleomorphism than IDC-P (Fig. 7) 
and will not stain with prostate immunohistochemical markers, 
including PSA and prostate-specific acid phosphatase, but posi- 
tive for high molecular weight cytokeratin, p63 and GATA3 
(Table 2). Prostate duct carcinoma consists of tall, pseudostrati- 
fied columnar cells with large, elongated nuclei which are in 
contrast to the cuboidal-to-short columnar cells of IDC-P (Table 
3, Fig. 8).^^ Occasionally, true papillary structures can be pres- 
ent in prostate duct carcinoma. Intraductal growth in prostate 
duct carcinoma is not uncommon; however, in contrast to IDC- 
P, there is nearly always an associated invasive component that 
lacks a basal cell lining. Ductal carcinoma with basal cells 
therefore also represents intraductal spread by an aggressive car- 
cinoma. 

The diagnosis of IDC-P over HGPIN can be made when 
there is a solid or dense cribriform (> 50% cellularity of the lu- 
men) pattern present. In our opinion, in accordance with the 
published criteria, it is prudent to realize that there are similari- 
ties between certain types of HGPIN and IDC-P. Particularly, 
the trabecular/micropapillary and loose cribriform patterns of 

Table 2. Distinguishing features between intraductal spread of uro- 
tlielial carcinoma (UC) and intraductal carcinoma of the prostate 
(IDC-P) 



Intraductal spread of UC 


IDC-P 


Greater degree of pleomorphism 


Lesser degree of pleomorphism 


Rarely shows cribriform pattern 


Cribriform pattern common 


Negative for PSA and PSAP 


Positive for PSA and PSAP 


Positive for HMWCK, p63, GATA3 


Negative for HMWCK, p63, GATA3 


PSA, prostate specific antigen; PSAP, prostate specific acid phosphatase; 
HMWCK, high molecular weight cytokeratin. 









Fig. 6. High-grade prostatic intraepithelial neoplasia (HGPIN) com- 
posed of tall, columnar cells with uniform atypia in a tufted to mi- 
cropapillary pattern. Micropapillary and cribriform HGPIN can over- 
lap histologically with intraductal carcinoma of the prostate. 



Fig. 7. Intraductal spread of urothelial carcinoma consisting of 
highly pleomorphic urothelial cells with focal areas of comedo-type 
necrosis. 
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Fig. 8. Prostate duct carcinoma composed of tall, pseudostratified 
columnar cells forming occasional true papillary structures. In con- 
trast to intraductal carcinoma of the prostate, basal cells are typi- 
cally absent. 



IDC-P can overlap with subtypes of HGPIN. In these instanc- 
es, additional diagnostic criteria, including marked nuclear 
pleomorphism ( > 6 x normal), non-focal comedonecrosis ( > 1 
duct showing comedonecrosis), a two-cell population (peripher- 
al layer and central layer), and markedly distended normal 
ducts/acini ( > 1 mm involving > 6 glands), can greatly assist in 
making the diagnosis of IDC-R Additionally, either positive 
nuclear staining for ERG or cytoplasmic loss of PTEN by im- 
munohistochemistry strongly suggests a diagnosis of IDC-P 
over HGPIN. In situations where these lesions may be indistin- 
guishable, the term "atypical intraductal proliferation" may be 
used with the comment that the differential is between IDC-P 
and HGPIN, and that the patient should undergo immediate 
rebiopsy Lastly, while light microscopic examination may be 
sufficient for recognition of basal cells, immunohistochemical 
stains including p63 or high molecular weight cytokeratin may 
have utility in confirming the intraductal process of IDC-P by 
highlighting basal cells. 

CONCLUSION 

IDC-P is defined as a proliferation of malignant prostate ade- 
nocarcinoma cells distending and completely spanning the lu- 
men of normal prostatic ducts and acini, with at least focal 
preservation of basal cells. IDC-P is strongly associated with in- 
vasive, high-grade prostate cancers (Gleason grades 4/5) with 
high tumor volumes. Recent genetic studies indicate that IDC- 
P represents intraductal spread of invasive carcinoma, rather 
than a precursor lesion. Although rare, it should be reported in 
prostate biopsies and radical prostatectomies, even in the ab- 
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Table 3. Distinguishing features between ductal adenocarcinoma 
and intraductal carcinoma of the prostate (IDC-P) 



Ductal adenocarcinoma 


IDC-P 


Tall, pseudostratified columnar cells Cuboidal-to-short columnar cells 


Occasional true papillary structures Occasional micropapillary architecture 


Basal cells usually absent 


Basal cells present 


Table 4. Recommendations for the reporting and diagnosis of 
cribriform lesions in prostate biopsies and radical prostatectomies 


Diagnosis 


Reporting recommendations 


Cribriform HGPIN 


Document number of biopsy cores 
involved 


IDC-P associated with invasive, 
high-grade prostate carcinoma 


Document IDC-P (may provide 
additional prognostic value) 


IDC-P associated with Gleason 
pattern 3 prostate carcinoma 


Document IDC-P and its poor 
prognostic significance 


IDC-P without any invasive 
prostate carcinoma 


Diagnose IDC-P and document that 
IDC-P is usually associated with 
high-grade prostate carcinoma and 
advise immediate rebiopsy and/ 
or definitive treatment 


Atypical cribriform lesions failing 
to meet the criteria for 
cribriform HGPIN and IDC-P 


Diagnose as atypical cribriform lesions 
with differential between HGPIN and 
IDC-P, and recommend immediate 
repeat biopsy 



Adapted from Shah and Zhou.^^ 

HGPIN, high grade prostatic intraepithelial neoplasia; IDC-P, intraductal 
carcinoma of the prostate. 



sence of invasive carcinoma due to its strong association with 
high-grade, high-volume tumors and predictive and prognostic 
impHcations. We recommend the diagnosis and reporting of 
IDC-P in prostate biopsies and radical prostatectomies as seen 
in Table 4.22 
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